Recent studies on the pathophysiology of ischemic cell injury.
We can summarize the results of our studies as follows (Fig. 15). The critical cellular factors involved in the loss of reversibility following ischemia appear to be the mechanisms involved in the membrane function of energy transduction. Irreversibility appears to correlate with an irrepairable defect in energy transduction. This could involve both the mitochondrial energy transduction functions and those in the plasma membrane. The mechanisms involved in this transition are not presently clear but they are associated with increased leakiness or permeability of these membranes accompanied by changes in lipid content, alterations in membrane proteins, and presumably in lipid-protein interactions. There are two prominent theories to explain energy transduction. These are the "proton pump" hypothesis of Mitchell (1972) and the "paired moving charge" hypothesis of Blondin and Green (1975). Both of these hypotheses require integrated function of membrane components, i.e., lipid and protein. The hypothesis of Blondin and Green, however, can work even with discontinuous membrane sheets because it involves the concept of ribbons of protein embedded in the protein-lipid membrane matrix. The characteristic finding of our studies following ischemic injury, namely, the continuous electron flow well into the irreversible phase while the energy transduction is impaired, could be explained by both hypotheses. What do these observations have to say about theories of energy conservation? We have observed that the vectorial nature of the proton separation is stopped. Charge separation may not occur at this time across the membrane since proton gradient and possible membrane potential are abolished. Electron transport, however, continues indicating the generation of protons. Since the decline of P/O ratio, decline of proton gradient and the cellular "point-of-no-return" coincide, these observations point toward the important membrane defects acquired at that particular time. The "paired moving charge" model which involves moving ions encapsulated in endogenous ionophores such as lecithin and maintenance of magnesium is favpred by the observation that phosphatidyl choline and phosphatidyl ethanolamine are lost in correlation with irreversibility. Furthermore, the decrease in magnesium content of cells is closely associated with the loss of viability following ischemia. The "paired moving charge" hypothesis has the attractive feature in that it involves antagonistic effects of calcium and magnesium. During reflow, calcium may inhibit magnesium mediated transport of inorganic phosphate by lecithin. Also, according to this theory fatty acids or their cyclic anions which act as uncouplers may foster the loss of phosphorylation capacity.